Summary: Dystrophic hamster has been regarded as the useful model animal for Severe childhood autosomal recessive muscular dystrophy (SCARMD). Although, many studies on Dystrophic hamster have utilized the muscular tissue of the trunk, however no study have been analyzed for the masticatory muscle. For this study, we used a Dystrophic hamster (UM-X7.1 Syrian hamster) to histochemically investigate the effect of muscular dystrophy on the masseter muscle. Large and small regenerated muscle fibers, and necrotic fibers were detected almost in all areas. Opaque fiber, hypertrophic fiber with fiber splitting structure and necrotic fiber filled up by mononuclear phagocytes were recognized. The region, in which the mononuclear phagocytic cells infiltrated, showed strong positivity to acid phosphatase, and lysosome enzyme. There were many muscle fibers with reduced levels of succinate dehydrogenase (SDH) activities in the muscle fiber. Some TUNEL-positive cells were confirmed in both necrotic and non-necrotic areas. It was suggested that a part of TUNEL-positive cells are the cells originated from the connective tissue or immunocytes. In this result, histopathologic changes of the masseter muscle of the UM-X7.1 Syrian hamster was similar to muscle of the body trunk in the past reports. As the result, it was suggested that jaw closing movements may be negatively affected caused by the decline of the masseter muscle twitch. And, the point of view by which apoptosis is the trigger for the muscle fiber collapse were not seen in the Dystrophic hamster masseter muscle. We suggest that apoptosis is a one step in the process of regeneration of muscle fibers.
Dystrophic hamster was discovered by Hornburger (1979) , that now exists in two strains: UM-X7.1 and BIO 14.6. Both are from syrian hamsters with similar genetic backgrounds and similar clinical and pathologic findings. The UM-X7.1 syrian hamsters is known as one of the animal models for idiopathic cardiomyopathy and congestive heart failure (Bajusz, 1969; Homburger, 1979; Factor, 1982; Makino, 1985) . Moreover, the UM-X7.1 syrian hamsters demonstrates a high level of plasma calcium and bone disorder (Togari, 1989) . Previously, we reported that in the UM-X7.1 syrian hamster, the functional activity of the parathyroid gland may be higher than that of the normal hamster ultrastructurally (Utsumi, 1999) . Furthermore, it was known that among dystrophin-associated glycoprotein (DAG), 50DAG and 35DAG decrease remarkably in the skeletal muscle fiber of Dystrophic hamster (Yamanouchi, 1994) . It was reported that in the muscle fiber of a Severe childhood autosomal recessive muscular dystrophy (SCARMD) patients, 43DAG existed, but with no 50DAG (Matsumura, 1992) . Therefore, Dystrophic hamster has been regarded as the useful model animal for SCARMD. However, the serious collapse of cardiac muscle in the Dystrophic hamster was not observed in the SCARMD patients, so some problems were pointed out.
Recently, limb-girdle muscular dystrophy (LGMD) was classified into LGMD 1 caused by autosome dominant inheritance and LGMD 2 caused by autosome recessive inheritance by genetic diagnosis. Among them, the crisis cause of LGMD 2C, 2D, 2E and 2F is the abnormal gene of a, 0, 7, 8-SG among the sarcoglycan (SG) complex . Among these genes, the whole of the SG complex 31 is lost when there is a wrong point in one SG gene of either one. As the result, they have an attack of muscular dystrophy, which is called Sarcoglycanopathy (Ozawa, 1998) . At present, it was reported that a large amount of SCARMD belongs to Sarcoglycanopathy.
Until now, some histopathologic studies about the Dystrophic hamster skeletal muscle are reported (Wrogemann, 1979; Jasmin, 1979; Steven, 1993; Mizuno, 1995; Bhattacharya, 1997) . Although, many basic and clinical studies on muscular dystrophy have utilized the muscular tissue of the trunk, no study have analyzed for the masticatory muscle. Therefore, we used the Dystrophic hamster (UM-X7.1 Syrian hamster) to histochemically investigate the effect of muscular dystrophy on the masseter muscle.
Materials and Metods

Frozen Sections
Five 6-month-old male UM-X7.1 Syrian hamsters as the experimental group and five 6-month-old male normal Syrian hamsters (GN strain) as the control group were used. The UM-X7.1 and control Syrian hamsters were obtained from the Laboratory Animal Center, Institute for Comprehensive Medical Science, Fujita Health University, Toyoake, Japan. After inducing them under deep anaesthesia with an intraperitoneal injection of sodium pentobarbital (50 mg/kg body weight), the masseter muscle was excised. Then, the masseter muscle tissue was embedded in the Tissue-Tek OCT compound (Sakura Finetechnical Co., Ltd., Tokyo, Japan), and placed in isopentane (-160 °C), and refrigerated with liquid nitrogen to quick the frozen process. Afterwords, according to the conventional method, continuous frozen sections of 10 ;Am, perpendicular to the grain of muscle fibers were prepared at -20 °C in a cryostat (CRYOCUT 1800, Leica Instruments GmbH, Germany).
Some of the frozen sections were stained with succinate dehydrogenase (SDH) without fixation, then acid phosphatase after fixation in 60% acetone and hematoxylin eosin (HE) after fixation in 10% Neutral buffered formalin.
TUNEL Method
TUNEL Method was performed on 10 jim serial frozen section of masseter muscle of UM-X7.1 and control syrian hamster using the Apoptosis in situ Detection Kit (Wako Pure Chemical Industries, Ltd., Osaka, Japan), according to the manufacturer's instruction. When it was completed, frozen sections were fixed in 10% Neutral buffered formalin. The sections were washed with PBS and then incubated with the working buffer containing terminal deoxynucleotidyl trabseferase (TdT), biotin-16-dUTP and dATP at 37 °C for 10 min. Rinsed again in PBS, they were incubated in 3% H202 at room temperature for 5 min to deactivate intrinsic peroxidase. Afterwords, washed again in PBS, the sections were incubated with anti-biotin antibody conjugated to peroxidase at 37 °C for 10 min. The sections were incubated with the DAB substrate solution at room temperature for 5 min, then transferred into distilled water. Finally they were stained by 1% Methyl Green for counterstaining, dehydraded in graded ethyl alcohol, and mounted with ENTELLAN neu (MERCK).
Agarose Gel Electrophoresis of DNA Fragments
The DNA fragments were electrophoresed on a 1.5% agarose gel using the Apoptosis Ladder Detection Kit (Wako Pure Chemical Industries, Ltd., Japan) according to the manufacturer's instructions. When it was completed, the masseter muscle homogenized tissue of UM-X7.1 and control syrian hamster was incubated in a reaction solution (10 mg Proteinase K, 10 mg/ml RNase A, 10% SDS) at 50 °C for 30 min. The lysate was mixed with Na! solution (6 M Na!, 13 mM EDTA, 0.5% sodium-N-lauroylsarcosinate, 10 mg/m1 glycogen, 26 mM Tris-HC1) and 100% Isopropanol. After centrifugation (10000 x g, at room temp.), DNA samples were electrophoresed in a 1.5% agarose gel and stained with SYBR<TM> Green I (Molecular Probes, Inc.).
Results
Finding of HE, Acid Phosphatase and SDH Stain
For the control group, the tissue structure and enzyme activities of the masseter muscles were normal (Figs. 1, 2 ). For the experimental group, comparative normal muscle fibers, which have central nuclei, were detected in some regions. But, large and small muscle fibers, and necrotic fibers were detected almost in all areas (Fig. 3) . Moreover, opaque fiber regarded as hyper contraction fiber, stained by HE strongly was observed (Fig. 7) . Hypertrophic fibers with fiber splitting structure were observed too (Fig. 6 ). Necrotic fibers of those collapsed cell membrane, that are weakly stained by HE were seen. Many of the necrotic fibers were filled up by mononuclear phagocytic cells (Fig. 4) . The areas, in which the muscle fiber regenerates, existed in the circumference. Large and small regenerated muscle fibers with basophilic cytoplasm and large cental nuclei formed in some groups (Fig. 5) . The regions, in which the mononuclear phagocytic cells infiltrate, showed strong positivity in acid phosphatase and lysosome enzyme (Fig. 8) . Furthermore, normal muscle fiber from the viewpoint of morphology and regenerated muscle fiber, increase in acid phosphatase activity was observed (Fig. 8, asterisk ). There were many muscle fibers with reduced levels of SDH activities of muscle fiber (Figs. 9, 10, arrow) .
Finding of TUNEL Method
For the control group, it was extremely unusually, but few TUNEL positive cells were observed. For the experimental group, some TUNEL-positive cells were confirmed in both necrotic and nonnecrotic area (Figs. 11, 12 ). It was suggested that a part of the TUNEL-positive cells are the cells originated from the connective tissue or immunocytes (Fig. 11, arrow) . However, aside from these cells, TUNEL positive reaction was observed also in the region of the satellite cells and muscle fiber nucleus (Fig. 11, arrow head) . In the region where muscle fiber was in the inflated necrosis, the diffuse TUNEL positive reaction was observed on irregular DNA strand break (Fig. 12) .
Finding of Agarose Gel Electrophoresis of DNA Fragments DNA ladder was not found in DNA isolation of the masseter muscle in the control Syrian hamsters (Fig. 13, lane 1) . DNA ladders were observed in DNA isoration in some UM-X7.1 Syrian hamsters, although they were not clear (Fig. 13, lane 2) . However, in most of the UM-X7.1 Syrian hamsters, ladder formation was not found.
Discussion
When it is completed, the process of muscle fiber lysis and regeneration, which is postulated at present, in the muscular dystrophy are as the following. First of all, the fragility of the cell membrane increases, because of the absentia of dystrophin and dystrophin-associated glycoprotein (DAG). As that result, the cell membrane broke down and the high concentration calcium ion flows into the cytoplasm. Afterwords, the myofibril of that site is constricted too much (opaque fibre). Myofibril is torn off by the over contraction of marginal muscle fiber. Only the basement membrane remains and becomes the condition of the empty cavity (empty sarcolemmal tube). Then, the calcium-activated neutral protease (CANP, calpain), decomposes proteins of muscle fiber. And, Z-line disappears, myofibril is cut finely (Mokri, 1975 ; Carpenter, 1979; Ishiura, 1981). Furthermore, phagocyte passes across the basement membrane, and necrotic substance is taken from the lysosome and digested. At the same time. satellite cell is activated, and initiates cell division. The satellite cells which proliferated are fused to each other form regenerated fiber and reconstructed muscle fiber.
For the result of this time, large and small muscle fibers in UM-X7.1 Syrian hamster, which appeared to be regenerated muscle fibers, and necrotic fibers which contain mononuclear phagocytic cells were detected. Hyper contraction fiber (opaque fiber), which was the early stage phase of the muscle fiber necrosis, were detected everywhere (Fig. 7) . Many hypertrophy fibers with fiber splitting structure were detected. It was thought that they were compensatory changes because of making up for the atrophic muscle fiber (Fig. 6) .
Acid phosphatase in which lysosome enzyme showed a strong positive in the infiltrating site of the monocyte (Fig. 8) . Until now, it has been reported that most of the monocyte which infiltrates into the necrosis fiber were macrophage, a few T-lymphocyte and a few neutrophil. The increase of acid phosphatase activity was recognized at the early stage of regenerated muscle fiber, too (Fig. 8,  asterisk) . This reason it was thought that acid phosphatase activity was high at the early stage of regenerated muscle fiber, because of containing the persistence of the phagocytes.
There were many muscle fibers with reduced levels of SDH activities of muscle fiber (Figs . 9, 10 , arrow). SDH is a marker enzyme of the mitochondria, so it was considered that the mitochondria itself had a disorder. Therefore, it was thought that the contraction function of the muscle fiber decreased remarkably. In the simultaneity , disorganized intermyofibrillar network and motheaten fiber were observed in the site of the muscle fiber, in which the arrangement of the myofibril was disturbed. These showed structural decomposition in the myofibril level. The result at this time showed the same observation as the pathological findings about the muscle tissue of the truncus in the past paper.
Apoptosis is one classification of the cell death , which Kerrs et al. defined in 1972. In the beginning, it was thought that the cell death was classified in two patterns, in which the apoptosis is controlled by a gene the necrosis not controlled by a gene . After 1990, Clarke (1990) and Zakeri (1995) classified cell death under type I, II and III from a viewpoint of the morphological character. Type I corresponds to apoptosis, in which the change of the nuclear is remarkable, and type III corresponds to necrosis . Type II corresponds to autophagocytic cell death and oncosis. The major findings of type II are a few changes of the nuclearis and vacuolar degeneration in the cytoplasm like a necrotic morphology. Recently, the presence of the cell death, that was induced by Caspase-independently, was proven, in which was regulated by a gene with necrotic morphology, but different from apoptosis. Kitanaka (1999) named it caspase-independent programmed cell death with necrotic morphology. This type of cell death has an intermediate character of apoptosis and necrosis, it is similar to type II cell death, autophagocytic cell death and oncosis, as stated above. At present, the classification of the cell death isn't defined clearly.
Recently, there are some reports that suggest the relation between muscular dystrophy and apoptosis (Matsuda, 1995; Tews, 1997; Spencer, 1997; Miyagoe, 1997; Sandri, 1997; Hack, 1998) . The cells starting with apoptosis vary in the research. For example, there are some reports, which argue a muscle fiber, a satellite cell, a inflammatory cell are alike. Their opinion does not agree to each other. Matsuda (1995) reported that DNA isolated from skeletal muscle fibers in mdx mice exhibited fragmentation to approximately 180 base pairs on agarose gel electrophoresis. At this time, we did the same research by using masseter muscles of UM-X7.1 Syrian hamsters. DNA ladder was not found from DNA isolation of masseter muscle in control Syrian hamsters. But, DNA ladders were observed in DNA isolation from few UM-X7.1 Syrian hamsters, although they were not clear. One of the causes that ladder formation was not clear and thought that the back ground overlapped of irregular DNA breaks, because necrosis cells were contained in the sample muscle tissue. Furthermore, a detection limit of apoptotic cells is 103 on the Apoptosis Ladder Detection Kit (Wako Pure Chemical Industries, Ltd., Osaka, Japan). As a result, it was thought that the expression rate of apoptosis was limited to a detection of the kit.
Furthermore, TUNEL method was done to limit the cell of the possibility in starting of apoptosis. In the control group, it was extremely unusually, but few TUNEL positive cells were observed. The problem of TUNEL method is recognizing of 3'-OH end of the cell which repair and duplicate DNA, too. Therefore, it was suggested that a few TUNEL positive cells, in the control group are normal cells of connective tissue. In the experimental group, TUNEL-positive cells were confirmed in both necrotic and non-necrotic area (Figs.  11, 12 ). Marco Sandri (1998) reported that apoptotic cells were macrophages and activated satellite cells as the result of the search for the muscle tissue of the Duchenne muscular dystrophy (DMD) patients by TEM. In this result, it was thought that a part of TUNEL-positive cells are the cells originated from the connective tissue or immunocytes. It was suggested that mono nuclear cells, which entered in the necrotic muscle fiber was engulfed and started apoptosis. On the other hand, in the non-necrotic area, TUNEL positive nucleus were observed in the circumference of muscle fiber (Fig.  11, arrow head) . In the Dystrophic hamster, regeneration of muscle fiber happens frequently at the same time with the collapse of muscle fiber. Therefore, it was thought that apoptosis started in the control division of the activated satellite cells. Or there was the possibility that TUNEL method recognized 3'-OH ends of activated satellite cells which duplicated DNA. Whether it is true or not, an electron microscope research is necessary to decide these diagnoses.
In this result, histopathologic changes of the muscular dystrophy, Syrian hamster masseter muscle was similar to the body trunk in the past reports. As a result, it was suggested that jaw closing movements may be negatively affected caused by the decline of the masseter muscle twitch. And, the
Explanation of Figures
Plate I Fig. 1-8 . Frozen sections of the masseter mascle of 6-month-old male normal Syrian hamsters (ON strain) were stained for HE (Fig. 1 ) and for SDH activity (Fig. 2) . The tissue structure and SDH enzyme activities were normal (Figs. 1, 2 ). Frozen sections of the masseter mascle of 6-month-old male UM-X7.1 Syrian hamsters yere stained for HE (Figs. 3-7 ) and for acid phosphatase activity (Fig. 8 ). Large and small muscle fibers, and necrotic fibers Were detected almost in all areas (Fig. 3) . Many of the necrotic fibers were filled up by mononuclear phagocytes (Fig. 4) . Large and small regenerated muscle fibers with basophilic cytoplasm and large central nucleus formed in some groups (Fig. 5 ). Hypertrophic fibers with fiber splitting structure were observed too (Fig. 6, arrow head) . Opaque fiber regarded as hyper contraction fiber, stained by HE strongly was observed (Fig. 7) . The regions, in which the mononuclear phagocytic cells infiltrate, showed strong positivity in acid phosphatase enzyme. Furthermore, normal and regenerated muscle fiber increase in acid phosphatase activity was observed (Fig. 8, asterisk) . Scale bar is 50 IIM. Plate II point of view which apoptosis is the trigger of the muscle fiber collapse were not seen in the muscular dystrophy Syrian hamster masseter muscle. We concluded that apoptosis was one of the step in the process of regeneration of muscle fibers.
